Response
Dr Hamann suggests that CT hypodensity in more than one third of the middle cerebral artery (MCA) territory using the European Cooperative Acute Stroke Study (ECASS) CT criterion should not be used as an exclusion criterion for intra-arterial, and presumably intravenous, thrombolysis trials. The predictive value of hypodensity on CT is not only time dependent, but also volume dependent and location dependent. Hypodensity Ͻ3 hours may not represent the same pathology as hypodensity Ͼ3 hours; perhaps hypodense tissue Ͻ3 hours remains somewhat salvageable in some patients. However, as time goes on, the ability to salvage hypodense brain tissue on CT becomes less and the risk of hemorrhage increases. Other variables including age, baseline stroke severity, and collateral circulation also influence the predictive value of CT hypodensity. 1 In the National Institutes of Neurological Disorders Stroke (NINDS) trial CT analysis, there were very few patients with ECASS CT violations-not unexpected with a Ͻ3-hour time window for treatment. 2 The NINDS CT analysis was therefore not powered to detect such interactions. However, the frequency of ECASS CT violations increases over time. Indeed, extensive hypodensity on the initial CT brain scan should prompt the investigator to question the true time of stroke onset or it may suggest very poor collateral circulation to the area of ischemia.
Interpretation of CT hypodensity is subject to tremendous interobserver variability, especially in a community hospital setting. The definition of "one third of the MCA territory" is imprecise as are the more subtle early signs of infarction such as "sulcal effacement." In a separate CT analysis of the Prolyse in Acute Cerebral Thromboembolism Trial (PROACT II), the outcome in patients with early CT hypodensity Ͼ100 mL was universally poor. [2] [3] [4] In addition, 50% of ECASS CT violators in PROACT II showed hemorrhagic conversion on the 24-hour follow-up CT brain scan. 5 ASPECTS attempts to improve on the ECASS CT criterion by incorporating location into a hypodensity score. The ASPECTS analysis of PROACT II pointed out that CT hypodensity becomes more clinically important with time. All 12 patients who were ECASS violators in PROACT II had ASPECT scores Յ7. Patients with ASPECT scores Յ7 did not benefit from intra-arterial thrombolysis and had higher rates of mortality and symptomatic brain hemorrhage compared with the control group.
For all of these reasons, we agree that early CT hypodensity by itself is a relatively crude predictor of outcome after brain infarction. New imaging techniques such as CT perfusion and diffusion-weighted/perfusion-weighted MRI will likely increase the predictive power of early ischemic changes. However, pending the validation of these new imaging techniques we continue to recommend excluding patients with frank and obvious CT hypodensity in more than one third of the MCA territory from clinical thrombolysis trials Ͼ3 hours. In thrombolysis trials Ͻ3 hours, the issue is less settled. As in ECASS and PROACT II, CT scans should be read in a blinded fashion by an experienced and well-trained physician, following a standardized methodology. The predictive value of early CT hypodensity can be increased by excluding patients with hypodensity Ͼ100 mL of brain tissue at risk, or patients with an ASPECTS score of Յ7. If such patients are included in a clinical thrombolysis trial, they should be stratified and a different outcome analysis applied, as the likelihood of detecting clinical efficacy is low.
